This article shows age and gender differences in the magnitude and day-to-day variability of the cortisol awakening response (CAR) using a national sample of 1,143 adults who completed the second wave of the National Study of Daily Experiences, a part of the Midlife Development in the United States survey. Participants between the ages of 33 and 84 years completed 8 consecutive nightly interviews and provided 4 saliva samples (upon waking, 30 min after waking, before lunch, and before bed) on 4 consecutive interview days. Results revealed substantial day-to-day variability in the CAR as well as significant Age ϫ Gender interactions, indicating that although no systematic age-related differences emerged for women, the magnitude and day-to-day variability of the CAR increased with age among men.
The cortisol awakening response (CAR) has garnered a great deal of attention in recent years (see review by Clow, Thorn, Evans, & Huckelbridge, 2004) . Referring to the change in cortisol that occurs within the first hour after awakening, the CAR exhibits a 20%-50% increase at approximately 30 -45 min postawakening and begins a gradual descent thereafter (Chahal & Drake, 2007) . Although the function of the CAR is not entirely understood, some researchers posit that it may prepare an organism for engagement with the external environment (Fries, Dettenborn, & Kirschbaum, 2009; Pruessner et al., 1997) . Other researchers, however, suggest that its primary importance may lie in regulating the immune system (e.g., Hucklebridge, Clow, Abeyguneratne, Huezo-Diaz, & Evans, 1999) . Despite the uncertainty of the CAR's precise physiological role, it is clear that alterations in this pattern are associated with several adverse outcomes. For example, blunted CAR has been associated with burnout symptomatology (Pruessner, Hellhammer, & Kirschbaum, 1999) and posttraumatic stress disorder (Wessa, Rohleder, Kirschbaum, & Flor, 2006) , whereas heightened CAR has been associated with depressive symptomatology (e.g., Bhagwagar, Hafizi, & Cowen, 2003) and neuroticism (Portella, Harmer, Flint, Cowen, & Goodwin, 2005) .
Early research on the CAR revealed a high degree of intraindividual stability in this response, and researchers primarily focused their attention on investigating interindividual differences in the magnitude of this response (e.g., Pruessner et al., 1997 ; see reviews by Schulz, Kirschbaum, Pruessner, & Hellhammer, 1998; Wüst et al., 2000) . In recent years, however, researchers have begun to examine intraindividual variability (i.e., day-to-day fluctuations) in the CAR (e.g., Dahlgren, Kecklund, Theorell, & Åkerstedt, 2009; de Weerth & Buitelaar, 2005 ; Kunz-Ebrecht, Kirschbaum, Marmot, & Steptoe, 2004; Stalder, Hucklebridge, Evans, & Clow, 2009; Thorn, Hucklebridge, Evans, & Clow, 2009 ). The current study extends previous research by examining age and gender differences in the magnitude and day-to-day variability of the CAR across 4 consecutive days. We examined these differences in a national sample of 1,143 adults between the ages of 33 and 84 years.
The CAR Cortisol, a hormone secreted by the hypothalamic-pituitaryadrenal (HPA) axis, exhibits a fairly robust diurnal pattern, peaking within an hour after waking and declining thereafter, until reaching a nadir at approximately midnight (Fries et al., 2009 ). The initial rise in cortisol, referred to as the cortisol awakening response, is a distinct component of the diurnal pattern of cortisol (see review by Clow et al., 2004) and is considered to be a marker of the integrity of the HPA axis (Hellhammer et al., 2007) . Values of the CAR vary across studies, but an initial increase within 30-min postawakening appears to be relatively consistent (see review by Clow et al., 2004) . Exhibiting an absence or an exacerbation of this increase is associated with several adverse psychological and physiological outcomes, including burnout (Pruessner et al., 1999) , neuroticism (Portella et al., 2005 ) and health problems (Kudielka & Kirschbaum, 2003) such as persistent pain (Geiss, Varadi, Steinbach, Bauer, & Anton, 1997) and hypertension (Wirtz et al., 2007) .
Intraindividual Variability in the CAR
Until recently, researchers have focused primarily on investigating the magnitude of the CAR on one day or by averaging the CAR across multiple days. Although this research is highly informative, we believe there is also much to be gained by examining intraindividual variability in the CAR, typically characterized by the amount of day-to-day fluctuation in this response. Some researchers have cautioned that despite safeguards used to check compliance, intraindividual variability in the CAR may still primarily reflect measurement error (Kudielka, Broderick, & Kirschbaum, 2002) . Although this may partially be the case, intraindividual variability in the CAR may also reflect other systematic changes in the HPA axis. Indeed, just as variability in psychological measures has been linked to long-term negative outcomes (Eizenmann, Nesselroade, Featherman, & Rowe, 1997) , intraindividual variability in the CAR may also be associated with substantive outcomes. Researchers beginning to explore this idea have shown that the CAR is, in fact, influenced by both state and trait measures (Hellhammer et al., 2007) , including factors such as seasonality (Thorn et al., 2009 ) and time of awakening (e.g., Federenko et al., 2004; Stalder et al., 2009; Williams, Magid, & Steptoe, 2005) . Continuing this line of inquiry, we examined the extent to which important demographic variables are simultaneously associated with magnitude and day-to-day variability in the CAR.
One particular challenge in assessing intraindividual variability in the CAR is appropriately modeling the multiple sources of variation in this response. Multilevel models, also referred to as hierarchical linear models (Raudenbush & Bryk, 2002; Snijders & Bosker, 1999) , are designed to accommodate nested data, such as those found in daily diary studies (Nezlek, 2008) . These models can be used to assess variability in the magnitude of the CAR between individuals (i.e., interindividual variability) as well as day-to-day variability across time (i.e., intraindividual variability). Oftentimes, such models are employed to specifically consider individual differences or heterogeneity in mean levels of some variable, such as whether the magnitude of the CAR differs by age or gender. However, these models can be extended to consider individual differences or heterogeneity in intraindividual variability. Hoffman (2007) provides a very useful tutorial that demonstrates how individual differences in both inter-and intraindividual variability can be modeled simultaneously. Such an approach avoids confounds between magnitude and variability, as they are considered and modeled simultaneously. Furthermore, drawing on the modeling framework described by Hoffman (2007) , we can examine age and gender differences in the magnitude and day-today variability of this response.
Age, Gender, and the CAR There is a 20%-50% increase in basal cortisol levels between the ages of 20 and 80 (see review by Chahal & Drake, 2007) . It is unclear, however, whether there are age differences in the CAR, as research examining this response has revealed mixed findings. Although some studies have revealed age-related increases in the CAR (e.g., Kudielka & Kirschbaum, 2003) , others have found no such age differences (e.g., Wüst et al., 2000) . Making generalizations about this response, then, is difficult, as blunted or heightened responses may differ as a function of age. For example, what could be considered a heightened response for younger adults may actually be a normal response for older adults. In addition, it is unclear whether intraindividual variability in the CAR increases or decreases as a function of age.
Findings regarding gender differences in the CAR are also mixed, with some studies reporting an increased response among women and other studies showing no such gender differences (see review by Clow et al., 2004) . Consequently, when examining the combined influence that gender and age may have on the CAR, the picture is murky at best. These discrepant findings may partially stem from methodological issues present across previous studies, such as too few sample days and attenuated age ranges (see review by Clow et al., 2004) . Moreover, several of the studies examining age and gender differences in the CAR were based on relatively small sample sizes, so investigating these questions in a larger sample may provide adequate statistical power to help clarify these associations.
The Current Investigation
The goals of the current investigation were twofold. The first was to examine stability and lability of the CAR, operationalized as change in morning cortisol levels over the first 30 min after awakening. To this end, we decomposed the total variation of the CAR into interindividual differences in mean levels across days (i.e., betweenpersons differences) and intraindividual variability (i.e., within-person fluctuations) from day to day. The second goal was to examine the extent to which age and gender predict both magnitude and day-today variability in the CAR. We examined these questions in a national sample of adults between the ages of 33 and 84, who provided four samples of salivary cortisol across 4 consecutive days.
Method
Participants Participants in the current study included 1,143 adults who completed the National Study of Daily Experiences, which is the daily diary portion of the second wave of the Midlife Development in the United States survey. The mean age of the sample was 57 years (SD ϭ 12; range: 33-84), and gender was approximately evenly split, with women composing 55% of the sample. Participants were fairly well educated, with 30% having a high school diploma or less, 51% having at least some college or a bachelor's degree, and 19% having at least some education beyond a bachelor's degree.
Procedure and Assessment of Salivary Cortisol
The National Study of Daily Experiences protocol consisted of eight consecutive nightly telephone interviews, in which participants were asked about their daily experiences during the previous 24 hr (Almeida, Wethington, & Kessler, 2002) . Participants also provided saliva samples on 4 consecutive interview days. Data collection consisted of dividing respondents into separate groups, or "flights," of interviews. Each flight represented the 8-day sequence of interviews from approximately 30 respondents. Initiation of interview flights was staggered across the day of the week to control for potential confounding between day of study and day of week. Participants were compensated $25 for their participation.
Respondents received a home saliva collection kit 1 week prior to their initial phone call. Saliva was obtained with salivette collection devices (Sarstedt, Nümbrecht, Germany). Sixteen numbered and color-coded salivettes were included in the collection kit, as was a detailed instruction sheet. Telephone interviewers reviewed the collection procedures and answered participants' questions. On Days 2-5, respondents provided four saliva samples per day that were later assayed for cortisol. Saliva was collected immediately upon waking, 30 min after waking, before lunch, and at bedtime. Cortisol concentrations were quantified with a commercially available luminescence immunoassay (IBL, Hamburg, Germany), with intra-assay and interassay coefficient of variations below five (Dressendörfer, Kirschbaum, Rohde, Stahl, & Strasburger, 1992; Polk, Cohen, Doyle, Skoner, & Kirschbaum, 2005) . Data on the exact time respondents provided each saliva sample were obtained from the nightly telephone interviews as well as from a paper-pencil log sent with the collection kit. In addition, approximately 25% of the respondents received a "smart box" to store their salivettes (Cayuga Design, Ithaca, NY). These boxes contained a computer chip that recorded the time respondents opened and closed the box, thus providing an additional compliance check. The correlations of self-reported times across collection occasions were all above .9. The correlations between selfreported times and times obtained from the smart box range from .75 for the evening occasion to .95 for the first morning occasion. Furthermore, the absolute mean difference between self-reported time and smart box time was 10 min (SD ϭ 12; range: 0 -50) for the first morning occasion and 7 min (SD ϭ14; range: 0 -60) for the second morning occasion.
Control Variables
Smoking status. Smoking status was determined by respondents identifying themselves as routine smokers as well as by the number of cigarettes individuals reported consuming on a daily basis during the study period. Individuals who did not identify themselves as smokers or who did not report smoking any cigarettes during the study protocol were classified as nonsmokers. A dichotomous variable (0 ϭ nonsmoker, 1 ϭ smoker) was used as the index of smoking status.
Medication use. Participants reported their current use of medications known to influence cortisol, including steroid inhalers, steroid medications, medications containing cortisone, birth control pills, other hormonal medications, and antidepressant or antianxiety medications (Granger, Hibel, Fortunato, & Kapelewski, 2009) . A dichotomous variable was created to indicate whether a participant reported taking any of the aforementioned medications currently (0 ϭ did not use medications, 1 ϭ used medications).
Analytic Strategy
For the purposes of the present study, we used the first two morning cortisol samples (upon waking and 30 min after waking) on each of the 4 days. Therefore, to estimate an overall growth model for the CAR, we employed a three-level multilevel model, whereby samples were nested within days, which were nested within persons (Snijders & Bosker, 1999) . As shown in Equation 1,
( 1) at Level 1, the cortisol level for sample s, on day d, for person i, is a function of an intercept (a 0di ), which reflects the level of cortisol upon waking; a slope parameter (a 1di ), which reflects the change in cortisol associated per hour since waking, or the CAR slope; and a residual variance term (e sdi ). At Level 2, the Level 1 parameters become the outcomes whereby a person's intercept or average level of cortisol upon waking for a given day(a 0di ) is a function of his or her average level of cortisol upon waking across study days (b 00i ), and a variance component (u 0di ), which reflects deviations from a person's average across days. Similarly, a person's CAR slope for a given day (a 1di ) is a function of his or her average slope (b 10i ), and a variance component reflecting deviations from his or her average slope (u 1di ). At Level 3, a person's intercept, or level of cortisol upon waking (b 00i ), is a function of the sample's average level of cortisol upon waking (y 000 ), and a variance component reflecting that person's deviation from the sample average (v 00i ). Similarly, a person's CAR slope (b 10i ) is a function of the sample's average CAR slope (y 100 ), and a variance component reflecting deviations from the sample mean (v 10i ).
To model age and gender differences in both average magnitude and intraindividual variability in the CAR slope, we used two-level multilevel models following methods outlined by Hoffman (2007) . The dependent variable for the models was a CAR slope variable that was calculated by taking the difference between the two natural log-transformed cortisol samples and dividing by the duration that transpired between the samples: (lnSample2 Ϫ lnSample1)/(Sample2Time Ϫ Sample1Time). This variable provides an index of the change in morning cortisol levels (i.e., CAR) in natural log units per hour. This variable was put into the model shown in Equation 2:
At Level 1, the CAR on day d for person i is a function of an intercept (a 0i ), which reflects the person's CAR for that day; a person mean-centered effect of wake-up time (a 1i ), which reflects the change in the CAR for each hour a person woke up later than usual; and a residual variance term (e di ). Furthermore, the Level 1 residual variance term can itself be treated as an outcome variable reflected as ( i 2 ), as it is allowed to vary across individuals. With a log-linear model, variables can be added as predictors of this residual variance. In Equation 2, the residual variability, or intraindividual variability in the CAR, has been exponentiated to allow for linear prediction of the variance component, and is defined as a function of a person's average wake-up time across the study days (z 1 ), age (z 2 ), gender(z 3 ), and an Age ϫ Gender interaction (z 4 ). At Level 2, a person's average CAR is given as a function of an intercept (b 00 ), which reflects the sample average CAR, his or her average wake-up time across the study days (b 01 ), his or her age (b 02 ), his or her gender (b 03 ), and the Age ϫ Gender interaction (b 04 ). Also at Level 2, the Level 1 effect of wake-up time (a 1i ) is a function of the sample average within-person effect of wake-up time (b 10 ) and a variance component (u 1i ), which allows for individual differences in the magnitude of this effect. All models were estimated with SAS PROC MIXED, with unstructured variance-covariance matrices. Table 1 shows the descriptive statistics for the raw and lntransformed morning cortisol levels as well as the times these samples were taken. Cortisol levels for the first sample, taken upon waking, were 16.28 nmol/l and were taken at approximately 6:40 a.m. Cortisol levels for the second sample were 22.79 nmol/l and were taken at approximately 7:15 a.m. On average, 34 min (SD ϭ 7.2; minimum ϭ 15, maximum ϭ 60) lapsed between the collection of the two samples. Furthermore, the standard deviations of the cortisol samples and collection times indicated that there was more variability within persons across days in cortisol levels than there was variability between persons in their cortisol levels. Conversely, saliva sample collection times exhibited more variability across individuals (i.e., between persons) than across days (i.e., within persons).
Results

Descriptive Statistics for Morning Cortisol Levels
Growth Model of the CAR
Next, we estimated a three-level multilevel growth model to examine the change in cortisol levels across the morning. Here the intercept for the model reflected the average level of cortisol at the time of the first sampling occasion (i.e., upon waking), and the slope (growth) parameter reflected the amount of change in cortisol per half hour from the time of the first or waking sample. The left column in Table 2 shows that cortisol levels were 16.44 nmol/l upon waking and increased significantly ( p Ͻ .01) at a rate of 5.72 nmol/l per half hour. In other words, cortisol levels increased by approximately 35% between Time 1 and Time 2. The right column in Table 2 shows the same model but in natural log-transformed cortisol values and demonstrates that the rate of increase in ln units of cortisol is .28 nmol/l per half hour ( p Ͻ .01). In addition, the results of these models indicated that there was significant variability in both the concentration of cortisol upon waking and the magnitude of the CAR between persons (Level 3 random intercept and slope effects; ps Ͻ .01) and within persons across days (Level 2 random intercept and slope effects; ps Ͻ .01). Figure 1 plots the actual mean levels from Table 1 previous research on cortisol (e.g., Adam, Hawkley, Kudielka, & Cacioppo, 2006) , the remaining analyses uses the ln-transformed data.
Stability and Variability in the CAR
Next, we conducted analyses to examine stability and variability in the CAR, and did so in two ways. First, we examined the correlations in the CAR across days. If the CAR is highly stable, the observed across-day correlations should be high. Second, we decomposed variability in the CAR by estimating an empty multilevel model and calculating the percent of the variability that reflected stable individual differences (i.e., the intraclass correlation coefficient, or ICC). For these analyses, we calculated a CAR value for each person on each day by taking the difference between the two morning cortisol samples and dividing by the duration between the two samples: (lnSample2 Ϫ lnSample1)/(TimeSample2 Ϫ TimeSample1). Thus, the values reflected in this variable are per-hour changes in lntransformed morning cortisol levels and approximate ordinary least squares estimates of the CAR across individuals and days.
Both sets of analyses evidenced a high degree of intraindividual variability. The correlations in these change scores across days ranged from .13 to .26 (all ps Ͻ .01). Next, we used a two-level multilevel model (days nested within persons) to estimate variability across people (i.e., interindividual differences) and across days (i.e., intraindividual variation). To do so, we entered these change scores into an empty two-level multilevel model, the results of which can be seen in Model 1 of Table 3 . The sample average CAR was estimated to be .34 (SE ϭ .01) ln-units per hour. It is important to note that there was evidence of significant variability across people, as indicated by a significant random intercept (estimate ϭ .086, SE ϭ .008), and across days, as indicated by the significant residual variance component (estimate ϭ .307, SE ϭ .009). The ICC for this model was .219Ϫ.086/(.086 ϩ .307)-indicating that only about 22% of the variability in the CAR reflected stable individual differences and the remaining 78% was accounted for by sources of intraindividual variation. The ICC also indicates that the reliability of measurement of the CAR for discriminating between individuals on any given day is .22 (Snijders & Bosker, 1999) . Reliability, however, increases as a function of the number of assessments per person and can be adjusted accordingly by weighting the ICC by the number of times the variable was assessed. In the current study, the CAR was assessed across 4 days, so the ICC can be recalculated as .086/[.086 ϩ (.307/4)], yielding an estimate of .53, which is similar to the ICC reported in other studies (e.g., Hellhammer et al., 2007) .
Control Variables
Previous research has shown that cortisol can be influenced by medication use, smoking (Kudielka, Hellhammer, & Wüst, 2009) , and wake-up time (Williams et al., 2005) . As such, we estimated a model including these variables as predictors; they were then retained as covariates or control variables in all subsequent models. Because wake-up time was assessed repeatedly, we included both within-and between-persons effects of wake-up time on the CAR, following methods outlined by Hoffman and Stawski (2009) . We calculated the within-person effect using person-mean centering, which reflects strictly within-person variation in wake-up time, or variation between when a person woke up and when a person usually wakes up. The within-person effect of wake-up time was also included as a random effect to allow for individual differences in the association between wake-up time and the CAR. The between-persons effect was centered at the sample average wake-up time. The results of this model can be seen in Table 3 (Model 2). The within-person effect of wake-up time was significant, indicating that the CAR was .079 (SE ϭ .015) units shallower for each hour that a person woke up later than usual. The between-persons effect was not significant, which indicates that the magnitude of the CAR did not vary significantly as a function of individual differences in wake-up time. Similarly, medication use did not influence the CAR. Smokers however, did exhibit a slightly steeper CAR, .086 (SE ϭ .045), than nonsmokers. The bottom portion of Table 3 includes the random effects or variance components. The significant random intercept, .086 (SE ϭ .008), indicates that there were significant individual differences in mean levels of the CAR, whereas the significant random effect of wake-up time, .028 (SE ϭ .007), indicates that there were significant individual differences in the within-person association between wake-up time and the CAR. We also found the residual variance to be significant, .282 (SE ϭ .009), indicating that the CAR varied significantly from day to day.
Age and Gender Differences in Level and Variability in the CAR
Next, we expanded the model used to decompose variability in the CAR to consider age and gender differences in both the magnitude of the CAR across the 4 days and the day-to-day variability of the CAR. Such models are highly desirable for examining individual differences with mean and variability as outcomes because both outcomes are predicted simultaneously (Hoffman, 2007) . Hence, potential confounding of mean and variability estimates are avoided.
1
In this set of analyses, we added the main effects of age and gender as predictors of the magnitude of the CAR. As can be seen in Table 3 (Model 3), age and gender were both independent and significant predictors of the CAR after covarying for wake-up time, smoking, and medication use. Women, on average, had a CAR that was .075 (SE ϭ .025, p Ͻ .01) steeper than men. This indicates that women's CAR was 20% greater than men's. Similarly, age was positively associated with the CAR such that the slope was .031 (SE ϭ .013, p Ͻ .01) units steeper per standard deviation (ϳ12 years) increase in age. This indicates that a one standard deviation increase in age was associated with a 7% steeper CAR. In the next model, we added the Age ϫ Gender interaction to determine whether age effects in the magnitude of the CAR differed between men and women. Model 4 in Table 3 shows that the Age ϫ Gender interaction was significant (estimate ϭ Ϫ.050, SE ϭ .025, p Ͻ .05). The interaction indicated that the positive age gradient was significant for men (estimate ϭ .060, SE ϭ .017, p Ͻ .01) but not for women (estimate ϭ .010, SE ϭ .019, p ϭ .60). This interaction is shown in Figure 2A . Together, these models show that the magnitude of the CAR depends on both age and gender.
2
In the next analyses, we examined age and gender as predictors of the residual variance (day-to-day/within-person variability) in the CAR using methods recommended by Hoffman (2007) . The between-persons effect of wake-up time was retained as a covariate when considering age and gender differences in CAR variability. Model 5 in Table 3 shows the results of the model where the between-persons effect of wake-up time, age, and gender were entered simultaneously as predictors of the residual variance. Although the effect of wake-up time was not significant, the effects of both age and gender were significant. The residual variance estimate was .069 (SE ϭ .027, p Ͻ .05) units greater per standard deviation (ϳ12 years) difference in age, and the residual variance estimate for women was .324 (SE ϭ .056, p Ͻ .01) units higher than the estimate for men. We estimated one final model (Table 3 , Model 6) whereby the Age ϫ Gender interaction was added as a predictor of the within-person variability. The results of this model 1 We calculated intraindividual means and standard deviations for the CAR variables and examined the correlation, which was .24 ( p Ͻ .01). Thus, our results do not suggest that our findings are due to mean and variability reflecting completely redundant information. 2 We examined the age and gender effects in the CAR using the three-level growth model, and the overall pattern of results remained unchanged. show that the Age ϫ Gender interaction was significant (estimate ϭ Ϫ.132, SE ϭ .056, p Ͻ .05). The interaction indicated that the positive age gradient for the residual variance was significant for men (estimate ϭ .147, SE ϭ .043, p Ͻ .01) but not for women (estimate ϭ .014, SE ϭ .037, p ϭ .36), as shown in Figure 2B . Thus, similar to the findings for the magnitude of the CAR, intraindividual variability in the CAR also depended on both age and gender.
Discussion
Drawing from a national sample of adults between the ages of 33 and 84, the current investigation documented both interindividual differences and intraindividual variability in the CAR. Our first goal was to examine stability and lability of the CAR by comparing interindividual differences and intraindividual variability in this response. Results revealed significant variation in the CAR across persons as well as within persons across days. Our second goal was to examine the extent to which age and gender are associated with both magnitude and intraindividual variability in the CAR across 4 consecutive days. Results revealed a significant Age ϫ Gender interaction (see Figures 2A and 2B ) for both magnitude and variability.
Consistent with findings from other community and clinical samples (see reviews by Clow et al., 2004; Fries et al., 2009) , our study provides further evidence for a cortisol awakening response. From the time of awakening until 30 min later, concentrations of salivary cortisol increased by an average of 35%, with values for each time point within the range of those reported across other studies (see review by Clow et al., 2004) . The results of the current study also revealed that despite the design parameters of the current study (i.e., 2 samples per day ϫ 4 days), the betweenpersons, or trait-level, reliability of the CAR (.53) was comparable to research with a greater number of samples per day and more days of observation (e.g., Hellhammer et al., 2007) . Thus, in the current study, we replicated previous research using a national sample of participants and employing a multiple daily field sampling of salivary cortisol.
Statistical Considerations for Examining the CAR
Our results indicate a number of important points about using the multilevel model for examining the CAR. First, the multilevel model provided a way to quantify both stability and lability in the CAR and indicated that there is a considerable amount of variability both between and within persons. Second, the growth model applied to examine the magnitude of the CAR provided a very good fit to the observed levels of cortisol as they change throughout the morning. Third, the modeling framework allowed for the simultaneous consideration of age and gender differences in the magnitude of the CAR and intraindividual variability in the CAR, such that mean and variability were not confounded. Finally, this analytic method allows for the inclusion of both time-invariant and time-varying covariates, providing an efficient way to adjust for theoretically important covariates or to rule out third-variable explanations (Hoffman & Stawski, 2009) .
Taken together, the multilevel model is a flexible framework for considering the dynamics of cortisol (i.e., CAR) as well as individual differences in magnitude and variability in the CAR. Such models can be extended to accommodate both time-varying and time-invariant predictors at various levels of analysis, and for both fixed and random effects (i.e., variance components). Although modeling individual differences in fixed effects is commonplace, estimation of heterogeneous variance models, such as those reported in this study, are less common but can be a useful analytic endeavor when prediction of variance is of theoretical importance (cf. Hedeker & Mermelstein, 2007) .
Stability and Intraindividual Variability
According to our data, there is a high degree of intraindividual variability in the CAR. Estimates of the ICC in our multilevel models indicated that 78% of total variation in the CAR is due to sources of intraindividual variation. One factor that may partially account for this finding is the impact of wake-up time on the CAR. We did not observe individual differences in wake-up time to be significantly associated with the magnitude of the morning rise, although the direction of the effect was consistent with what has been reported by previous researchers (i.e., later risers tended to have shallower responses ; Federenko et al., 2004 ; see reviews by Fries et al., 2009; Kudielka & Kirschbaum, 2003; Williams et al., 2005) . We did, however, find a significant within-person association between wake-up time and the CAR, indicating that the magnitude of the morning rise was shallower on days when an individual woke up later than his or her average wake-up time. Stalder et al. (2009) reported a similar pattern of findings in their case study of a 57-year-old man who showed higher cortisol levels upon awakening on days when he woke later than usual. The vast differences in the design of the two studies lends further credence to the significance of time of awakening on the CAR.
Age and Gender Findings
Our findings indicate that variability in men's CAR increases with age, such that older men show greater variability in this response than their younger counterparts. In contrast, women of all ages show consistently high levels of variability in the CAR. We cannot discount the fact that these differences in variability might reflect lack of compliance for those participants who show a more variable response. For example, participants who did not collect their saliva at the allotted times might simply appear to have a more variable response, when, in actuality, no true differences exist. Although this is possible, it begs the question as to why women would be systematically less compliant than men with our research protocol. Given that women tend to be more conscientious than men (Schmitt, Realo, Voracek, & Allik, 2008) , it is doubtful that this explanation fully accounts for the effects shown in the current study. We therefore suggest explanations that take into account gender and age, which may serve as proxies for social role enactment and biological health.
One plausible explanation to our findings lies in how an individual's social roles (e.g., caregiver, laborer) influence his or her expectations of the upcoming day and how these expectations may, in turn, influence his or her HPA functioning. According to Fries et al. (2009) , the primary function of the CAR is to prepare an organism for the demands of the upcoming day. Days when challenges are expected should thus be associated with a steeper CAR, a finding that was demonstrated by Rohleder et al. (2007) , who found that ballroom dancers exhibited a steeper CAR on competition days compared with noncompetition days.
If preparation for the upcoming day is associated with a greater CAR response, perhaps the lability of the CAR is due to social roles and how men and women view the challenges of their upcoming day. Studies indicate that women hold a greater number of qualitatively different social roles, encounter more daily stressors (Almeida & Kessler, 1998) , and are more likely to ruminate over the negative emotions they experience than men (NolenHoeksema & Corte, 2004) . Perhaps, then, women mount a greater response than men on days when they perceive challenges ahead. A study examining gender differences in the CAR on weekdays versus weekends supports this notion. Although men and women's CAR did not differ on weekends, women showed a greater response to awakening on weekdays (Kunz-Ebrecht et al., 2004) . This continual fluctuation between days-due to perceived stressors in the environment-may thus translate into greater variability in the CAR for women. Although more research is needed to test this possibility, this hypothesis offers one explanation for the results of the current study.
The aforementioned argument does not explain the age difference found for men, whereby younger men show less variability in their CAR than older men. Perhaps different factors are responsible for younger and older adults' variability in their CAR responses. Among younger adults, women may have a more variable CAR response than men because of social role differences and varying expectations of upcoming days. Among older adults, however, men and women may exhibit increased variability in the CAR for a completely different reason-namely, normative agerelated biological declines. This idea is perhaps best understood within the framework of allostasis and allostatic load. Allostasis is defined as the process of "maintaining stability through change" (McEwen, 2003, p. 10) and is our body's way of coping with the stressors we encounter (McEwen, 2003; Sterling & Eyer, 1988) . After a stressor is perceived, our bodies mount a regulatory response to cope with the ensuing threat. Once the stressor has passed, our systems return to baseline. This continual process of responding to a threat and returning to baseline is useful and effective in the short term but eventually results in wear and tear on the system. This wear and tear is referred to as allostatic load. Because our bodies become more and more taxed due to a lifetime of coping with stressors, allostatic load tends to increase with age (Seeman, Singer, Ryff, Dienberg Love, & Levy-Storms, 2002) . Perhaps, then, day-to-day variability in the CAR response does not reflect proximal environmental factors for older people but instead reflects this wear and tear in the form of an inability to mount a regulatory response because of a compromised HPA axis. Of course, more research is needed to determine whether this idea is a plausible explanation for the findings in the current investigation.
Limitations and Conclusions
Although this study is informative, it is not without its limitations, most notably not having an objective measure of the time that saliva samples were collected. To accurately assess the CAR, researchers agree that the initial postawakening saliva sample is the most crucial. If, for example, participants do not collect their initial sample immediately after waking, their profiles may appear blunted (Kunz-Ebrecht et al., 2004) . Unfortunately, the initial sample is also the most immune to objective indicators of measurement, such as "smart-cap" salivettes. Such devices allow for objective recording of the time a salivette is opened, yet it is impossible to know exactly how much time had passed between when the participant woke up and when the participant provided first sample (Dockray, Bhattacharyya, Molloy, & Steptoe, 2008) . Other objective measures, such as actigraphy, have been employed with success in other studies (e.g., Dockray et al., 2008) but have their own inherent limitations. Although an actigraph allows researchers to identify a participant's wake-up time, it cannot be used to determine when a person takes his or her first sample. Thus, future studies should incorporate the use of both actigraphy and smart-cap salivettes, as the combination of the two-as opposed to one in isolation-would give researchers a much stronger objective measure of compliance.
In addition, it is crucial that study participants understand the importance of complying with the research protocol and fully understand all directions. To this end, we have recently started to provide our participants with videotaped instructions for how to collect, store, and return their saliva samples. This DVD, which is included in the saliva collection kit that is sent to all participants, is available from David M. Almeida upon request.
Although these steps will be undertaken for future research, we recognize the limitations of the current study and understand the concern some researchers have expressed regarding participant compliance (e.g., Kudielka et al., 2002) . Thus, until our findings our replicated, we temper the interpretation of some of our conclusions. Notwithstanding these limitations, however, our findings indicate that both the magnitude and day-to-day variability in the CAR are systematically associated with important demographic variables. Although this is a first step, much more work needs to be done before we will be able to determine exactly what variability is and why it may be important for both psychological and physiological health outcomes. A greater understanding of variability in the CAR may perhaps provide a new index by which we can gauge health outcomes.
